A t this year's meeting of Digestive Disease Week in Los Angeles, California, it was noted that antitumour necrosis factor (anti-TNF) inhibitors showed further evidence of efficacy in Crohn's disease (1) . TNF antagonists have been used increasingly in the treatment of a number of other inflammatory diseases, especially rheumatoid arthritis (RA), where they have revolutionized treatment (2) . At the same time, their use has been associated with an increased risk of serious infections (3) . As more patients are treated with these agents, it is inevitable that infectious diseases physicians will see a variety of infections, both common and uncommon, requiring familiarity with this new class of drugs and their infectious complications.
Cytokines, such as TNF-α, are produced by activated monocytes, macrophages and T lymphocytes, and are a key component of the inflammatory response that leads to tissue damage (2) . It is therefore intuitive that researchers would explore the ability of cytokine antagonists to have a therapeutic benefit in inflammatory disorders. Initial animal studies have pointed to a role for TNF-α in the pathogenesis of RA and the beneficial effect of anti-TNF antibodies (2) . It has now been more than 10 years since evidence of the improvement seen in RA patients given a TNF-inhibitor was first reported (4) . Since that time, several TNF-α antagonists have been developed and licensed for a number of indications.
The TNF-α antagonists currently licensed for use in Canada are infliximab (Remicade, Schering-Plough, USA), etanercept (Enbrel, Amgen, USA) and adalimumab (Humira, Abbott Laboratories, USA). Infliximab and adalimumab are monoclonal antibodies. Infliximab has a murine variable (antigen-binding) region and a human constant region, making it a chimeric monoclonal antibody (5) . Adalimumab is a recombinant human monoclonal antibody (2) . Neither of these agents are known to bind to any antigen other than TNF (3). Etanercept is a dimeric fusion protein with a human TNF receptor connected to the Fc portion of human immunoglobulin G1 (6) . In addition to TNF, etanercept also binds lymphotoxin-alpha (6) . Both etanercept and adalimumab are administered subcutaneously, while infliximab requires intravenous infusion (2) . All three drugs have fairly long halflives: four days for etanercept, nine days for infliximab, and two weeks for adalimumab (2) . Their molecular differences may have clinical implications in terms of efficacy and safety (4) .
The established indications for TNF-α antagonists have been for the treatment of certain patients with RA and Crohn's disease (7) . They have subsequently been used in a variety of other conditions, both on-and off-label: ankylosing spondylitis, juvenile RA, psoriatic arthritis, acute alcoholism-associated hepatitis, Behçet's disease, psoriasis, uveitis, pyoderma gangrenosum, Still's disease, sarcoidosis, Sjögren's syndrome and post-stem cell transplant graft versus host disease (7) (8) (9) (10) .
Randomized, controlled trials comparing the safety and efficacy of the TNF-α antagonists with that of standard therapy and/or placebo have demonstrated a similar frequency of infection (2, 5, 10) . This tends to be the case for adverse events that are rare and unlikely to be identified in these relatively small trials. On the other hand, the literature is rife with case reports and small case series describing the latest unusual infections in patients being treated with TNF-α antagonists. While these reports are interesting, they cannot answer the question of whether these infections are a direct result of the TNF-α antagonists or are secondary to immunosuppression from the underlying disease or other therapies (2) . The answer to this question will rely on larger databases, including meta-analyses and postmarketing studies.
There is a strong theoretical basis to support an increased risk for infection with the use of TNF-α antagonists (11) (12) (13) . The proinflammatory role of TNF, while a negative factor in disease pathogenesis, is important in the host immune response to a number of microbial pathogens. Several authors (12, 13) have reviewed the role of TNF in Mycobacterium tuberculosis infection, summarizing its activity in the immune response. TNF is produced by activated monocytes, macrophages and lymphocytes in response to a number of different pathogens, including viruses, bacteria and parasites, with biological effects including antitumour and antiviral activity, and mediation of shock and cachexia (12) . These effects occur through apoptosis, cell activation, induction of other inflammatory cytokines and recruitment of inflammatory cells to sites of infection (7) . TNF acts with other cytokines, especially interferon-delta, to generate a competent cellmediated immune response to intracellular pathogens such as M tuberculosis, Listeria species and Histoplasma species (7). This response leads to granuloma formation, which is the hallmark of mycobacterial infections and key to the successful control of infection (13) . The importance of TNF-α in the host response against tuberculosis has been well demonstrated in animal models (12) . Its protective role in the human response to mycobacteria is less clear but is implied given the increased numbers of tuberculosis (TB) cases seen with the use of the TNF-α antagonist infliximab (14 TB has been reported in association with all of the TNF-α antagonists and has been the most common serious infection seen with their use (2, 3, 7) . The first case of active TB during treatment with infliximab was published in 1999 (14) . Keane et al (15) published a review of data from the Food and Drug Administration's Adverse Event Reporting System (AERS) in 2001. Based on manufacturers' data, the investigators found that 147,000 patients received infliximab and 102,131 patients received etanercept during the study time frame. They also found that 70 patients (24.4 per 100,000 treated) developed tuberculosis during or after infliximab administration at a median of 12 weeks from the start of treatment. The background rate of TB in United States (US) patients with RA was calculated at 6.2 per 100,000 RA patients (95% CI 0.6 to 34.0). In this cohort, 56% of patients had extrapulmonary disease and 24% had disseminated disease. There were only nine reported TB cases among patients on etanercept, with no details reported on the patients. The authors concluded that, while not proven, the association between the use of infliximab and reactivated TB was strong. Postmarketing surveillance of etanercept has estimated a TB rate of approximately 17 per 100,000 treated patients worldwide and approximately 13 per 100,000 treated US patients (16, 17) . Based on similarly acquired denominator data, the approximate TB rates for infliximab-and adalimumab-treated US patients were 50 per 100,000 and 20 per 100,000, respectively (17) . Comparison of these rates must be done with caution. The cases are reported by passive surveillance, thus creating a reporting bias. Patterns of specific TNF use, as well as endemic TB rates, vary from country to country, making the rates not directly comparable. Despite these caveats, it appears that the risk of TB is indeed lower in patients receiving etanercept (12) . This impression was supported by a later study using the AERS and looking only at patients treated in the US (18) . In this study, TB was reported in approximately 144 per 100,000 infliximab-treated patients and approximately 35 per 100,000 etanercept-treated patients (p<0.001). There were insufficient numbers of patients on adalimumab to analyze its infection rate. The median time to the onset of adverse events was 40 days for infliximab and 236 days for etanercept (p<0.001).
It is thought that this difference in infection rates is related to the differing molecular structures and activities of the two drugs. Infliximab, but not etanercept, has been shown to cause apoptosis, which may lead to the elimination of memory cells that lead to the reactivation of TB (19) . Other hypothesized mechanisms for the differing propensities to infection are differential binding of infliximab and etanercept to soluble and transmembrane TNF, and different binding kinetics (19) . One effect of the latter finding could be granuloma breakdown while on infliximab because of complete neutralization of TNF and inflammatory cell recruitment, whereas etanercept would allow granuloma integrity because of less complete binding to TNF (19) . Support for this hypothesis comes from the observation that etanercept has poor therapeutic effect in granulomatous inflammatory diseases such as Crohn's disease, Wegener's granulomatosis and sarcoidosis (20) .
A number of other infections have been reported in patients receiving TNF-α antagonists. In their review of the AERS, Wallis et al (18) calculated an overall granulomatous infections adverse event rate of approximately 239 per 100,000 infliximab-treated patients, compared with approximately 74 per 100,000 etanercept-treated patients (p<0.001). The most frequent pathogens observed, apart from M tuberculosis, were Histoplasma capsulatum, Candida species, Listeria species, nontuberculous Mycobacteria and Aspergillus species, the first five being more frequent in patients on infliximab. Less frequently reported and with equal frequency in infliximaband etanercept-treated patients were Cryptococcus, Nocardia, Salmonella, Toxoplasma, Brucella, Bartonella and Leishmania.
Histoplasmosis is the second most commonly reported infection in patients on TNF-α antagonists, which is not surprising given that it is the most common endemic mycosis in the US (16) . One case series of 10 patients with H capsulatum (21) reported that in the nine patients treated with infliximab, manifestations of infection occurred within 60 days in seven patients and within one week in another patient. All patients had received at least one other immunosuppressive medication and nine required aggressive treatment in an intensive care unit (21) . These observations suggest that these infections may appear early in the course of treatment and may be associated with severe infection.
Serious bacterial infections have also been reported in patients on TNF-α antagonists (22, 23) . In a case-control study of patients with RA who underwent an orthopedic surgical procedure (24) , the prescription of a TNF-α antagonist was an independent risk factor for the development of a serious postoperative surgical site infection. Overall, the most common of the bacterial pathogens is Listeria monocytogenes (18). Estimated case rates for listeriosis within the first year of starting infliximab have been found to be approximately 6.1 per 100,000 patients compared with the overall US rate of 1.3 per 100,000 patients older than 60 years of age (25) . Of the 15 patients in the AERS database identified as having an L monocytogenes infection, more patients had RA than Crohn's disease, 14 had received infliximab, 13 were on concomitant immunosuppressive therapies, and six died (25) .
Other reports in the literature describe TNF-α antagonistassociated infections due to Pneumocystis jiroveci, Prototheca species, Coccidioides immitis, Sporothrix species, West Nile virus and hepatitis B (7, 8, (26) (27) (28) , with the potential for coinfections (29) .
While the literature suggests an increased rate of infection in patients receiving TNF-α antagonists, the above studies fail to answer whether this is due to the drugs themselves or to other factors. To further explore this question, larger randomized, placebo-controlled trials, case-control studies and meta-analyses have been performed. Westhovens et al (30) conducted an international trial comparing two doses of infliximab with placebo in 1085 RA patients (followed for 54 weeks) already on methotrexate. Patients receiving placebo or 3 mg/kg infliximab had similar infection rates, whereas those receiving 10 mg/kg of infliximab as induction and maintenance had a threefold higher risk (p=0.013) of developing a serious infection (30). Westhovens et al concluded that the approved 3 mg/kg infliximab induction regimen (with later dose escalation allowed to control symptoms) was not associated with an increased rate of serious infections. In Germany, a cohort of patients with RA has been followed prospectively since May 2001 (31) . At the time of follow-up in September 2004, 1529 patients had been entered into the database (601 control patients who were on conventional therapy, 512 etanercepttreated patients, 346 infliximab-treated patients and 70 anakinra-treated patients). Those patients on biological agents had more active RA than did the controls. In comparison with the control group, the incidence of serious infections was 2.7 to 2.8 times higher in patients receiving biological agents. The investigators acknowledged that more severe underlying disease may have been a contributing factor to the increased infection rate, but thought that the TNF-α antagonists were also playing a role (adjusted relative risks for etanercept and infliximab were 2.2 (95% CI 0.9 to 5.4) and 2.1 (95% CI 0.8 to 5.5), respectively. Finally, a systematic review and metaanalysis incorporating 5014 patients randomly assigned to receive either anti-TNF therapy or a control treatment in nine trials was recently published (3). The risk of serious infections in patients with RA treated with anti-TNF antibodies (infliximab or adalimumab) was higher compared with placebo patients (OR 2.0; 95% CI 1.3 to 3.1). This increased risk of infection was found for both high-and low-dose treatment groups as compared with placebo. For serious infections, the number needed to harm was 59 (95% C1 39 to 125) within a treatment period of three to 12 months.
Taken together, these studies suggest that TNF-α antagonists independently increase the risk of infection in patients who receive them. Of note, while opportunistic infections are the most exotic, the majority of infections are actually those more commonly seen, such as severe nontuberculous pulmonary infections, and skin and soft tissue infections, including herpes zoster (3, 30, 31) .
The use of biological treatments for inflammatory diseases is only expected to increase. Future directions are likely to include combined therapy with other cytokine antagonists, genetic evaluation of responsiveness to TNF antagonists, and optimizing dosing strategies (6) . We can expect to see infections of varying severity as a side effect of these therapies.
In 2005, a group of rheumatologists from Europe, the US and Canada (convened to consider the use of biological agents) provided recommendations for reducing the risk of infection in an updated 2005 consensus statement on biological agents for the treatment of rheumatic diseases (32) . Because most cases of TB in this population of patients with rheumatic diseases are likely due to reactivation, much importance is placed on screening patients for the possibility of latent TB. This includes a careful check of medical history, physical examination, tuberculin skin test (TST), and when indicated, a chest radiograph. The group recommended that treatment for latent TB be started before beginning TNF-α antagonists (32) . A detailed history eliciting risks for TB is especially important, given the potential for a negative TST, particularly in patients with inflammatory bowel disease who have a high prevalence of anergy (33) . Gardam et al (12) prefer completing the full course of treatment for latent TB before starting anti-TNF therapy. However, if the clinical condition warrants earlier treatment, it could be started one to two months after the start of isoniazid (12) . In terms of other infectious complications, the authors recommend that TNF blocking agents should not be started or should be discontinued when serious infections occur, including septic arthritis, prosthetic infections, acute abscess, osteomyelitis, sepsis, systemic fungal infections, TB and listeriosis. Treatment should only be resumed if the infections have been treated adequately. Patients should be instructed to contact their physician if signs of serious infection occur. Patient education regarding food preparation and safety is important given the risk of Listeria and Salmonella infections (34) . The consensus statement also recommends that pneumococcal and influenza vaccines be administered before starting the TNF-α inhibitors (32) . Given the higher risk of postoperative infections, holding anti-TNF therapy before major surgery may be warranted (24) . Finally, careful attention on the part of the treating physician to the development of infection in the patient is crucial.
It is unknown whether screening for coccidioidomycosis and histoplasmosis in patients living in endemic areas would be useful (34) . One of the issues related to these two fungal infections is that most of these cases in immunocompromised hosts represent acute infection, making screening of little benefit (34) . Similarly, whether antifungal prophylaxis would be of benefit is still to be determined. Also uncertain is whether asymptomatic patients with positive Histoplasma serology should be empirically treated with an antifungal agent before starting anti-TNF therapy, and if so, for how long.
There are little data on adherence to recommendations for preventing TB in patients on TNF-α inhibitor treatment and on whether those measures are effective. A survey in April 2005, answered by 1023 rheumatologists in the US, found that while 92% of respondents felt that a TST was indicated when using a TNF inhibitor, only 59.1% actually performed this test on their patients (35) . On the other hand, simple steps to prevent the reactivation of latent TB appear to work. The risk of active TB among Spanish patients taking TNF antagonists decreased by 78% (RR 0.22; 95% CI 0.03 to 0.88) after the official recommendations on detecting and treating latent TB in this patient population were issued (36) . Reductions in TB were also found after the introduction of education/screening programs with adalimumab and infliximab (17) .
Biological therapies have made important advances in the treatment of a number of inflammatory diseases. They have also given insight into the role of various cytokines in host defense. We are in the early stages of understanding the magnitude and spectrum of infectious complications associated with these therapies. Much work is needed on developing evidence-based guidelines related to prevention and management of infections in these patients, including the withholding of biological therapies.
